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A B S T R A C T
Accelerating land use change is associated with the loss of species and their ecosystem services. South Africa is
the world's largest producer of macadamias and the industry continues to grow. Insectivorous bat species are
important for pest control, but bat populations are declining. Therefore, proactive management of bat com-
munities in agricultural landscapes is essential. We acoustically monitored bats and used light traps to catch
arthropods during one annual cycle, sampling five macadamia orchards monthly in Limpopo, South Africa. We
used GIS and R to analyse both the general bat and foraging bat activity of the two main foraging guilds (open-
air/clutter edge guild) in different land use types and total activity with respect to arthropod abundances.
Overall clutter edge guild activity (number of passes) decreased with macadamia and orchard (all other fruit)
cover in the high season and increased with bush cover and distance to settlements (potential roosts) in the low
season. Open-air guild activity increased with fallow cover in the high season. Foraging activity (feeding buzzes)
of the clutter edge guild increased with bush cover over the whole year. Total activity (both guilds) increased
with abundance of true bugs, including the main macadamia pests, and bush cover.
In conclusion, natural and semi-natural vegetation promote bat activity in macadamia orchards, and po-
tentially bats' provision of the ecosystem service of pest control. In times of accelerating land use change,
remnants of natural vegetation are important refuges and need to be maintained or restored. The installation of
bathouses might further improve bat activity.
1. Introduction
The broad appreciation of the ‘ecosystem services’ concept has led
to a growing understanding of the monetary benefits provided by
wildlife such as bats (Ghanem and Voigt, 2012; Millennium Ecosystem
Assessment, 2005; Voigt and Kingston, 2016; Wallace, 2007). Several
studies have emphasized the economic importance of insectivorous bat
species for agricultural pest control (Boyles et al., 2011; Cleveland
et al., 2006; Kunz et al., 2011; Lopez-Hoffmann et al., 2014; Maas et al.,
2013; Puig-Montserrat et al., 2015; Wanger et al., 2014). For example,
Boyles et al. (2011) suggested that the annual value of insectivorous
bats to agriculture in the United States is about 22.9$ billion (USD).
Similarly, it is proposed that the combined annual value of bats and
birds for pest control is about 730$ (USD) per hectare in tropical cacao
plantations (Maas et al., 2013). Puig-Montserrat et al. (2015) estimated
the value of insectivorous bats in a Mediterranean rice plantation to be
no< 21€ (Euro) per hectare. Furthermore, insectivorous bats can limit
the need for pesticide use and, thereby, increase the value of agri-
cultural products such as cotton (Federico et al., 2008). In return, a
decrease in pesticide use has been suggested to lead to more stable
predator populations such as bats, birds and spiders and, therefore, a
better long-term control of pest species (Knight and Gurr, 2007; Taylor
et al., 2013b; Taylor et al., 2018). Hence, promoting high bat activity in
agricultural landscapes could not only improve the livelihood of
farmers but potentially decrease the use of pesticides while maintaining
crop yields.
While bats provide a variety of valuable ecosystem services such as
pest control (Ducummon, 2000; Fenton, 1997; Kalka et al., 2008;
Leelapaibul et al., 2005; McCracken et al., 2012; Williams-Guillen et al.,
2008), about one quarter of all bat species are threatened with ex-
tinction and their numbers keep decreasing at an alarming rate (Boyles
et al., 2011; Jones et al., 2003; Mickleburgh et al., 2002). This decline is
mainly attributed to the loss and fragmentation of habitats, roost sites
and feeding opportunities, with agricultural intensification and related
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land use changes being by far the most frequent threat listed for bats in
some 550 IUCN Red List bat species accounts (see Fig. 1.3 in Voigt and
Kingston, 2016). Loss and degradation of natural habitats is predicted
to accelerate until 2050 (Foley et al., 2005; Tilman et al., 2001;
Tscharntke et al., 2012).
With 28,000 ha of land covered by macadamia orchards (SAMAC,
2017), South Africa is the world's leading producer of macadamia nuts
since 2014, accounting for an annual production of over 44 thou-
sand tons in 2014 and 46 thousand tons in 2015 (DAFF, 2016; Taylor
et al., 2018). The South African macadamia industry continues to grow
with a minimum of 1900 ha planted in 2016 alone (DAFF, 2016).
The current annual loss from insect pest damage to macadamia crop
has been recently estimated at 200 million ZAR or about 17 million
USD (Taylor et al., 2018; Schoeman, 2009). Pest damage is mainly re-
lated to ‘unsound kernel’, meaning that the macadamia nut in the shell
is damaged by pest insect species while ripening on the tree. The major
pest species known to the South African macadamia industry are sev-
eral different stinkbug (Family Pentatomidae) and moth (Family Tor-
tricidae) species (De Villiers and Joubert, 2003).
The recent avoided cost model of Taylor et al. (2018) suggests that
the monetary value of insectivorous bat species for the macadamia in-
dustry of South Africa, by suppressing stinkbug pest species, is between
59 and 139$ (USD) per hectare. Looking at the results of the dietary
analysis of bat faecal pellets on macadamia orchards by Taylor et al.
(2013b, 2018) or pecan orchards by Brown et al. (2015) it is reasonable
to assume that the role of bats is equally important in suppressing other
major pest species such as certain Lepidoptera.
Given the ongoing growth of the South African macadamia industry
and the assumed decline of South African bat populations based on
studies from other parts of the world (Voigt and Kingston, 2016),
proactive management of bats is indispensable to sustain their long-
term ecosystem services (Cumming et al., 2014; Taylor et al., 2013b;
Tuttle et al., 2013). However, most African bat species are poorly stu-
died and there is scarce information about their habitat use, foraging
ecology or roost site preferences (Monadjem et al., 2009; Taylor, 2000).
Likewise, 15% of southern African bat species are listed under Data
Deficient by the IUCN (Monadjem et al., 2010). In general, there is
particular lack of knowledge on how to conserve bats in conventional
(intensive) agricultural systems especially if those are located in bio-
diversity hotspot areas (Park, 2015).
Taylor et al. (2013a) found no significant difference in bat activity
between riparian vegetation and macadamia orchards in South Africa,
although the preference of bats for this more natural land use type has
been established previously (Grindal et al., 1999; Medina et al., 2007;
Monadjem and Reside, 2008). Similarly, a radio- tracking study in
Swaziland showing that open-air bats prefer foraging on sugarcane
fields in comparison with more natural habitats in the vicinity (Noer
et al., 2012). This might be linked to seasonal prey availability as Taylor
et al. (2013a) showed that, to some degree, there is an overlap in the
peak of pest insects and an increased bat activity in macadamia orch-
ards. Likewise, higher bat activity on organic farms as opposed to
conventional farms may result from higher food availability and better
habitat quality (Park, 2015; Wickramasinghe et al., 2003). Natural
habitats in the vicinity of agriculture, providing connectivity, and the
presence of water seem to benefit bat foraging activity (Crisol-Martínez
et al., 2016; Fuentes-Montemayor et al., 2011; Park, 2015). Although
artificial, waterbodies in general, are suggested to be important fora-
ging habitats supporting a much higher bat activity than the land use
Fig. 1. Map of the study area showing a) one of the transects with the different habitat types within the 30m buffer and all bat calls (passes) recorded during one
annual cycle b) all five transects with the detailed example (rectangle) and c) the location of the study area (white circle) in Levubu, Limpopo, South Africa.
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types around them (Sirami et al., 2013; Stahlschmidt et al., 2012).
However, none of these studies have been conducted over a complete
annual cycle and most of them in summer season only. Additionally,
studies on the habitat selection of insectivorous bats in African agro-
ecosystems are lacking. There have been no studies looking at the de-
tailed habitat selection of insectivorous bat species on macadamia
orchards in South Africa, despite the rapidly expanding macadamia
industry.
Therefore, it is essential to take an in-depth look at the habitat se-
lection of insectivorous bat species on macadamia orchards, con-
sidering the temporal variation in bat activity, to enable proactive
management of bat communities in order to sustain their ecosystem
service of pest control.
The objective of this research is to gain insight into the habitat se-
lection and foraging behaviour of insectivorous bat species on a tem-
poral and spatial scale, in and around macadamia orchards in order to
advise management how to increase bat activity and, possibly, pest
control.
The main research questions of this study are: i) How is bat activity
(number of passes) and foraging activity (feeding buzzes) related to the
different land use types? ii) What is the relationship between bat ac-
tivity and arthropod availability?
2. Methods
2.1. Study area
Our study area was located in Limpopo, the northernmost province
of South Africa, which also accounts for the second highest production
of macadamia nuts in the country (Fig. 1).
We conducted the study on five orchards in the subtropical fruit
growing area of Levubu in the valley of the Levuvhu river. This sub
Saharan African region receives its main rain in the summer months
between November and April with around 1000mm of annual rainfall
(Fig. 2). Apart from macadamia, the main agricultural products farmed
in Levubu are pecan, avocado, banana, pine and gum (Taylor et al.,
2013b). The remaining natural vegetation patches (bush) in and around
the orchards are classified as ‘Soutpansberg Mountain Bushveld’ and
‘Tzaneen Sour Bushveld’ by Mucina and Rutherford (2006).
The study area also borders the Soutpansberg, a nationally re-
cognized center of endemism and biodiversity, and falls within a ‘bat
species richness hotspot’ in northern South Africa (Cooper-Bohannon
et al., 2016; Mostert et al., 2008).
2.2. Data collection
We conducted standardized, repeated transect drives across five
orchards to actively record echolocation calls of insectivorous bats. We
chose five orchards in close proximity to each other to avoid variation
in climatic conditions through e.g. altitudinal differences (Fig. 1). We
used an omni-directional microphone at full spectrum (10–130 kHz, FG
black microphone) with Batlogger M (Elekon AG). The detector was set
to record echolocation calls automatically with the GPS coordinates of
the recording. This is the most effective sampling technique for bats in
open areas such as the studied macadamia orchards (Fisher-Phelps
et al., 2016).
We mounted the microphone onto the car antennae at a 45-degree
angle, pointing forward, using a microphone extension cable. Every
drive transects took place for three consecutive hours, starting half an
hour before sunset to ensure that the expected peak of bat activity, right
after sunset, is sampled while driving at a speed of 10–20 km/h
(Barlow, 1999; Kunz and Kurta, 1988). We mapped the route on each
Fig. 2. Picture of a typical landscape in the subtropical fruit growing area Levubu showing a macadamia orchard with surrounding patches of natural vegetation and
avocado plantings, Limpopo, South Africa.
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orchard in advance in order to cover all present land use types. In ad-
dition, every route covered the edges of the orchard to sample the
surrounding land use types as well as the center. We sampled every
orchard once a month for a complete annual cycle, and randomly al-
ternated the starting point for each transect and the monthly order in
which we sampled the five orchards. We recorded all five transects
using a Garmin Etrex GPS (Garmin Europe Ltd., UK). Fifty-nine transect
nights out of 60 were recorded by the principal surveyor (SW) with a
total of about 180 h of sampling time between September 2015 and
August 2016. We aborted data collection on very windy or rainy nights
(Fischer et al., 2009). In addition to recording echolocation calls, we
also used two light traps to collect arthropods on each transect. We built
the light traps, creating a ‘hanging’ model and powering it with a 12 V
car battery (Appendix A1). Each light trap was equipped with an 8W
super-actinic fluorescent lamp. The light traps were put up right before
the transect drives and collected after driving the full 3 h, from No-
vember 2015 to August 2016. We chose two permanent locations on
each orchard, one at a border to natural vegetation and one within the
macadamia plantation. We identified all collected arthropods to order
level (Picker et al., 2002).
2.3. Call analysis
We used Bat Explorer (Elekon AG, Version 1.10, http://www.
elekon.ch) to analyse the recorded calls by comparing them against
release calls and by referring to Monadjem et al. (2010) and Taylor
et al. (2013c) for call identification. We labelled calls by foraging group
according to Monadjem et al. (2010) into the open-air guild (families
Molossidae and Emballonuridae) and the clutter edge guild (family Ves-
pertilionidae). In order to obtain bat activity (number of passes) we re-
corded each orientation call per guild (which we later separated per
season or year see Section 2.5). Foraging activity was identified by so
called ‘feeding buzzes’, which can be clearly distinguished from the
regular orientation calls emitted. Hence, we also noted each ‘feeding
buzz’ for each guild.
2.4. GIS analysis
We created digital maps of the sampled land use types using Google
satellite images (OpenLayers Plugin version 1.4.3) in QGIS (version
2.18.11) with an Albers Equal Area projection for South Africa
(Fleming, 2018). Land use types were bush (natural vegetation type;
Soutpansberg Mountain Bushveld or Tzaneen Sour Bushveld), fallow
(uncultivated grassland with scattered trees and shrubs), macadamia,
orchard (including all other soft-fruit crops), pecan, settlement, timber
and water (Fig. 1). We merged all land use types and converted them
into a raster file with 1m resolution. We created Euclidean distance
raster files of 1×1m to settlement (as potential roosts) and (drinking)
water according to Rainho and Palmeirim (2011). In order to account
for detection distance to either side of the line transect we created a
grid with cells of 30×30m along the transect (Adams et al., 2012;
Monadjem et al., 2017). We modelled true absences by adding zero
values for absence data, corresponding to our presence data (GPS co-
ordinates of echolocation calls). Given the vast extent and variation in
bat home range size, pseudo replication can ordinarily not be com-
pletely avoided when using bat call data (Wordley et al., 2015).
Therefore, we looked at the activity of bats for our fine scale modelling,
without making assumptions on the numbers of individuals passing. We
also defined the land use composition within each 30× 30 grid cell and
calculated land use cover as a percentage value (on a 0–100% scale).
2.5. Statistical analysis
We split our 12months data set into a high season (December 2015
to end of May 2016) and a low season (September 2015 to end of
November 2015; June 2016 to end of August 2016), according to the
macadamia growing cycle and the occurrence of pest insect species (De
Villiers and Joubert, 2003). The R-package ‘raster’ (Hijmans, 2016) was
used to model the bat activity (number of passes of each guild) in the
high or low season, the total bat activity (number of passes for both
guilds) and the foraging activity (feeding buzzes of each guild) for the
full annual cycle with the land use and distance raster files. Pecan,
water and settlement cover were excluded from further analysis be-
cause of their low representation. Models were also tested for multi-
collinearity (variance inflation factor < 5) and timber cover was sub-
sequently removed. We analysed the response variable bat activity for
each season (low and high season) for both foraging groups (open-air
and clutter edge guild) and as a total. The response variable foraging
activity was analysed for the full annual cycle given the much lower
number of data points. All models included the cover variables maca-
damia, orchard, bush and fallow and the distance variables water and
settlement. We choose a mixed model approach to allow using the ID of
each orchard as a random effect sample because the orchard samples
are not independent replicates. After testing all models for normal
distribution and constant errors variance, generalized linear mixed
models (GLMMs) were applied. As all of the models using the Poisson
distribution were overdispersed, we applied GLMMs with a negative
binomial distribution (package ‘AER’ by Kleiber and Zeileis, 2008). As
two of the models (for the clutter guild in the low season and for the
foraging of the open-air guild) did not converge using GLMMs we used
a transformed (log+1) linear mixed model (LMM). All models were
fitted using scaled predictor variables and ‘orchard’ as a random factor.
Additionally, we applied a generalized linear mixed model (GLMM)
with a negative binomial distribution using the package ‘lme4’ (Bates
et al., 2015) to evaluate trophic interactions. We analysed the re-
lationship of monthly total bat activity for both guilds per orchard with
overall arthropod abundance and the number of Hemiptera and
Table 1
Final models testing the relationship between bat activity (number of passes)
and foraging activity (feeding buzzes) with the four cover variables (‘maca-
damia, orchard, bush, fallow’) and the Euclidean distance variables water and
settlement in macadamia orchards, Levubu, South Africa (significance level of
bold p < 0.05).
Clutter edge guild
Bat activity Estimate SE Z p-Value AICc
High season 2937.581a
Macadamia cover −0.176 0.056 −3.135 0.001 2928.896
Orchard cover −0.166 0.058 −2.818 0.004
Low season 1387.777a
Bush cover 0.139 0.033 4.166 <0.001 1376.117
Settlement distance 0.113 0.036 3.109 0.002
Foraging activity 463.0647a
Bush cover 0.304 0.089 3.39 <0.001 455.235
Open-air guild
Bat activity Estimate SE Z p-Value AICc
High season 2800.404a
Fallow cover 0.108 0.050 2.16 0.030 2797.143
Low season 2094.89a
Settlement distance −0.125 0.078 −1.595 0.110 2093.862
Water distance −0.131 0.070 −1.869 0.062
Foraging activity −166.4643a
Total bat activity (both guilds)
All year 4137.079a
Bush cover 0.081 0.036 2.265 0.023 4132.066
Fallow cover 0.065 0.034 1.905 0.056
a Null models.
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Lepidoptera collected on each orchard and the covariate temperature.
All predictor variables were scaled and the variables ‘orchard’ and
‘month’ were used as random factors to account for pseudo replication.
We selected all final models using the dregde function (package
‘MuMIn’ by Barton, 2017) based on the lowest values the small-sample
size corrected Akaike information criterion (AICc). All statistical ana-
lyses were conducted with R (version 3.4, R Core Team, 2017).
3. Results
On 60 transect drives, we recorded a total of 6134 calls in the high
season and 3515 in the low season, including one call of a clutter feeder
(Rhinolophus sp.) in the low season. In total, 4514 (3089 high season/
1425 low season) calls were recorded for open-air foragers of the
Molossidae and Emballonuridae families and 5134 (3045 high season/
2089 low season) for clutter edge foragers of the Vespertilionidae family.
We recorded a total of 171 foraging calls: 96 for clutter edge and 75 for
open air foragers. In the high season, we caught an average of 180.9
arthropods (55.3 lepidopterans and 29.6 hemipterans) and in the low
season an average of 90.9 arthropods (43.6 lepidopterans and 4.5
hemipterans) per night (Appendix A2).
3.1. Land use types and bat activity
3.1.1. Seasonal response of the guilds
We found that the activity of the clutter edge guild decreased with
higher macadamia and orchard cover during the high season, the two
variables retained in the final model (Table 1; Fig. 3).
The activity of the open-air guild increased with higher fallow cover
in the high season, the only variable retained in the final model
(Table 1; Fig. 3).
In the low season, clutter edge guild activity increased with higher
bush cover and distance to settlements (Table 1; Fig. 3). The final model
on the activity of the open-air guild retained the distance to settlements
and water, whereas water had only marginal significant coefficients and
the coefficients of distance to settlement were non-significant (Table 1;
Fig. 3).
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Fig. 3. Final models showing the relationships between bat activity (number of passes) for both bat guilds (clutter edge and open-air), in the low and high season and
the total bat activity over one year with the habitat cover variables (‘macadamia, orchard, bush, fallow’) and the Euclidean distance to water and settlement in
macadamia orchards, Levubu, South Africa (solid line= p < 0.05 and dashed line=0.10 > p > 0.05).
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3.1.2. Total bat activity
We found that, looking at total bat activity (both guilds combined)
over the full annual cycle, the higher cover of the natural vegetation
type bush and the semi-natural vegetation type fallow increased bat
activity. These were the only two variables retained in the final model,
whereas fallow cover showed only marginal significance of coefficients
(Table 1; Fig. 3).
3.2. Foraging activity
The final model on foraging activity of the clutter edge guild re-
tained the variable bush cover. We found that the foraging activity of
the clutter edge guild increased with higher bush cover over the full
annual cycle (Table 1; Fig. 4). Model selection for the open-air guild
retained only the null model.
3.3. Prey availability and bat activity
Looking at the full annual cycle, bat activity of both guilds com-
bined increased with the number of true bugs (Hemipteran) caught in
light traps (β=0.32, p=0.022; Fig. 5). On the contrary, neither the
overall arthropod abundance nor the number of moths were retained in
the final model.
4. Discussion
In accordance with the different niches the two foraging guilds
(clutter edge and open-air) occupy, their dissimilar response to the
different land use types was not surprising (Monadjem et al., 2010).
While the activity of the clutter edge guild decreased with macadamia
and orchard cover in the high season, it increased with bush cover as
well as distance to settlements in the low season. The same applied for
foraging activity, which increased with bush cover for the clutter edge
guild looking at the full annual cycle. The foraging activity of the open-
air guild was not affected by any of the fine-scale land use variables in
this study. General activity of the open-air guild was increased by
higher fallow cover in the high season and showed a marginally sig-
nificant decrease to distance to water in the low season. Overall bat
activity (number of passes for both guilds) increased with numbers of
true bugs across both seasons. The importance of natural (bush) and
semi-natural vegetation (fallow) was supported by looking at the total
activity over the full year.
Increasing macadamia cover, often at the expense of natural vege-
tation, reduced the activity for the clutter edge guild in the high season.
In contrast, in the low season bush cover promoted activity of the
clutter edge guild. We suggest that macadamia cover has a negative
effect in the high season because the clutter edge guild increased their
activity in the orchards, which provide higher prey availability during
peaks in pest insect species, while they prefer foraging close to the edge
of the orchards rather than in the center (Crisol-Martínez et al., 2016;
Ewers and Didham, 2006). When numbers of pest arthropods drop in
the macadamia orchards (Appendix A3), the natural land use type,
bush, becomes a more important foraging habitat and thereby increased
the activity of the clutter edge guild. The importance of natural and
semi-natural land use types as foraging habitat for bats has been
highlighted previously (Crisol-Martínez et al., 2016; Fuentes-
Montemayor et al., 2011).
Our analysis of the foraging activity of bats, based on feeding
buzzes, corroborates the conclusion that the natural vegetation, bush,
positively influences the activity of the clutter edge guild, and hence
potentially biocontrol of macadamia pests. We assume that the pre-
ference for the natural vegetation type (bush) by the clutter edge guild
and the semi-natural vegetation type (fallow) by the open-air guild is
explained by their wing morphology. While open-air feeders have a
‘high wing-loading’ for flying fast above vegetation, they prefer open
areas without obstacles as the classification ‘open-air’ suggests. The
clutter edge guild has a lower wing-loading and intermediate wing size
(compared to the open-air and clutter guilds) and a preference to hunt
at the ‘edges’ of vegetation such as forests (Monadjem et al., 2010). In
addition, we found a positive relationship between bat activity (number
of passes for both groups) in the macadamia orchards and abundances
of Hemipteran collected in light traps across the season. These important
findings support our assumption that bats play an important role in pest
control by limiting stinkbug species and efficiently tracking the major
pests of macadamia (Taylor et al., 2013a, 2017; McCracken et al.,
2012).
The distance to water, on the other hand, affected only the open-air
guild and results were only marginally significant in the low season. It
seems reasonable that drinking water becomes scarcer in the low (dry)
season but also that prey abundances are higher around water sources
(Stahlschmidt et al., 2012). Not all the orchards in this study had per-
manent water features present and we propose to get further insight
Fig. 4. Final model showing the relationship between foraging activity (feeding
buzzes) for the clutter edge guild throughout the year, increasing with the
habitat cover variable bush in macadamia orchards, Levubu, South Africa.
Fig. 5. Final model showing the increase of total bat activity (number of passes
for both guilds per transect) with increasing Hemiptera abundance in maca-
damia orchards, Levubu, South Africa.
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into the use of water features (both artificial and natural) on maca-
damia orchards and the surrounding landscape, by placing stationary
bat detector at water and in equal distance(s) to water (Sirami et al.,
2013; Stahlschmidt et al., 2012).
In the low season, the clutter edge guild responded with an increase
in bat activity with distance from settlements. The settlements in the
study area are farm houses, most of which house bat roosts in their roof
spaces, whereas the macadamia trees do not provide any roosting op-
portunities such as tree hollows (Taylor et al., 2013b). Therefore, the
settlements appeared to provide roosting opportunities for maternity
colonies. Based on our species list for the study area obtained from
recordings, live captures and bat house observations, the majority of bat
species give birth and raise their young during the macadamia high
season (Appendix A4). Supported by our own local observations, at
least one clutter-edge bat (Scotophilus dingani) is known to roost in
farmhouses (Appendix A4). As previously shown, home range and
foraging distance decreases significantly while bats are lactating (Clark
et al., 1993; Henry et al., 2002; O'Donnell, 2001), which coincides with
our high season (Appendix A4) and might explain why the activity of
the clutter edge guild is less dependent on the vicinity of settlements
during low season.
Additionally, the higher pest species abundance provides a higher
prey availability during the high season, with all the settlements located
in the immediate vicinity of the macadamia orchards (Taylor et al.,
2013a, 2017). If our assumptions are correct, the results on settlement
distance suggest that the clutter edge guild in the orchards included a
high ratio of female bats. As mentioned by Park (2015), it would be
desirable to get in depth information on the proportion of male and
female bats using the orchards. This is important, as females are much
more selective in their habitat use and dependence on suitable mater-
nity roosts. Our results also suggest that bat houses, in particular colony
houses, might further improve bat activity on macadamia orchards
given the decrease of natural roost sites (such as mature trees) and the
desire of excluding bats from houses by most farmers. A study on rice
plantations in Catalonia, Spain, showed a colonization of bat boxes by
3500 individuals within a period of under 10 years, resulting in a sig-
nificant increase of the local bat population (Puig-Montserrat et al.,
2015).
Our results show that bat activity in the high season (December- end
of May) was nearly double that of the low season (June- end of
November). This might be influenced by prey availability but we sug-
gest that it is also a consequence of a generally lower bat activity in
austral winter whenMolossidae and Vespertilionidae become torpid more
frequently (Monadjem et al., 2010).
In conclusion, our study supports the findings of other studies
(Crisol-Martínez et al., 2016; Fuentes-Montemayor et al., 2011; Park,
2015) that natural and semi-natural vegetation are promoting bat ac-
tivity and potentially biological control of major crop pests in agri-
cultural landscapes. Our study highlights that the conservation of bat
species and the promotion of their ecosystem services requires farmers
to keep natural and semi-natural vegetation patches intact and that bat
activity might be improved by adding roosting opportunities to orch-
ards. Both foraging guilds rely on natural vegetation and various
roosting opportunities are important especially in the breeding season.
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